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1. GWs & HEP



GWs & HEP
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The early Universe is a HEP laboratory
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GWs are probes of the early Universe




Evidence for the GWB

NANOGrav
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GWB from the early Universe

v' astrophysical origins
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B Induced GWs

induced GWs
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Figure 2. Bayes factors for the model comparisons between the new-physics interpretations of the signal considered in this

work and the interpretation in terms of SMBHBs alone. Blue points are for the new physics alone, and red points are for the

new physics in combination with the SMBHB signal. We also plot the error bars of all Bayes factors, which we obtain following

the bootstrapping method outlined in Section 3.2. In most cases, however, these error bars are small and not visible.
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 scalar perturbations




B Induced GWs
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B Outline

2. Silk damping in induced GWs



B Cosmic fluid as an imperfect fluid

cosmic fluid

Top = Pgap + (p+ p) uaug + ATop(n, &, X)

shear viscosity bulk viscosity
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perturbation scale k1 << diffusion scale kl_)l

Particle diffusion erases perturbations ! ,
Apd 168 (1971) 175: S. Weinberg



B Silk damping in the CMB
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Particle diffusion erases perturbations ! Nature 215 (1967) 5106: J. Silk



B Silk damping in the GWB

cosmic fluid

Silk damping
in the GWB?

P(k,T) ~ D e sin L COS i w =% /kD(T)
kr V3 V3

perturbation scale k1 << diffusion scale kl_)l

Particle diffusion erases perturbations ! perfect fluid, RD Silk damping



B Damping scale
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B Damping scale
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B Parameter dapendence
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B Silk damping in induced GWs

evolution of scalar perturbations GW production
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B Silk damping in induced GWs
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B Silk damping in induced GWs Py(k) = Ag
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Silk damping in induced GWs P = A, 8 (mﬁ)

10
a=5, ké’/k?f‘j: 10 i
i L -

10°1 i
— y=0.05

5 — =01

10 7 — y=02

y=0.4

r=0.8

—2 —1

10 10
kilke

* infrared scaling: k2In2k — k2
« smoothing the resonant peak

}/=0.3, k{:fk”’j= 10
0 === kp— o0

—a=3

10 10 10 10" 10
ki ke

finite damping-
induced lifetime

YHY, S. Wang: SCPMA 68 (2025) 210412
YHY, Z. Chang, S. Wang: JCAP 02 (2026) 011



Silk damping in induced GWs
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3. Probing weakly-interacting particles



Probing weakly-interacting particles

1.0 - -
Silk damping effect
0. pmesnsezerernnneneennneeeee
306
&
G 0.4
Pik)=A¢, a=S5, y=0.3
021 e without damping
—— with damping
10 10 10° 10" 10° 10’ 10"
k/kH.dec
decoupling time
Silk damping can suppress frequency interaction
the GW spectrum by ~60%
~ _ b/ koo ~ (V3nm)2/(@2),2/(@=2)
at the scale k ~ k4. location of H,deo ~ ( ol

peaks/valleys interaction & abundunce



1 YHY, S. Wang: SCPMA 68 (2025) 210412
. Observatlon (SM) YHY, Z. Chang, S. Wang: JCAP 02 (2026) 011

_‘7-

10

fH.L'Z3x 10_” Hz

1 neutrino

IIIIIIIIIIIIIIIIIIIIIIIII

|

: )/ NG-15 datg : &
- ] (o,0) ~ G T* , G~ 107° GeV >

10" FAST-50 : '
? $KA1100

10 ~+ e ——l
10" 10" 10 10" 10’ 10°
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B Summary

Particle interaction GW observation

STANDARD MODEL OF ELEMENTARY PARTICLES

=
up CHARM TOP GLUON HIGGS BOSON
rmass 2.3 Mewic 1.275 Gevic® 173,07 Gevict 0 126 Gevic

| charge 3 £ i} o
e - EC N
A
R F S
K DOWN STRANGE BOTTOM PHOTON
- 2,8 Wit 95 et PP o
2 B - £ 0
% " k3 1

G
A
[
P——c) M—— T
[ ELECTRON MuoN TAU ZBOSON E new
L 0,517 mevic’ 1057 timiic 1777 Gevec® 91,2 Gewic®
E ;‘: -1 -1 Q g - ?
" 1 1
i @ @ [ @ ¢ physics?
T y s (o]
4] | NEUTRING NEUTRING NEUTRING woosar I N
N ©2,2 awic <0,17 Meve® <15,5 Mewi* BO2 Gawic s
a o o *
5 | W 1] ) 1

Silk damping

1.0

1071 kp (SM)
— == kp (BSM)

1071 ...
.-"'. Bon 4
1o'5] I > L7 0.6

0.8 1

& et ~
E 1011 _,.',':'
: v.dec 77‘.,;_5- C} 04'
7] === 6 .
1077 ot - - (L_Sx‘l‘(‘)-:‘]l S P:(k):_A;, a=>5, y=0_3
10°] Lot 10* et 021 e without damping
o e e o —— with damping
10° 107 10° 100 10° 100 10? 10" 0.0— = o ) 5 3 4
10 10 10 10 10 10 10

T (GeV)
k! k. dec



B Outline

4. Summary



B Summary

 Silk damping are essential yet unexplored in the study of induced GWs.

« Silk damping leads to characteristic suppression on the GW spectrum at the

frequencies related to the decoupling of weakly-interacting particles.
« Within the SM, Silk damping caused by neutrinos is important for PTA analysis.

« Beyond the SM, Silk damping in induced GWs provides a new framework to

detect new physics, especially for those at extremely high energy scales.

Thanks!



